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Hypothesis

Laboratory mice lack host-microbe interactions
that are physiologically important
and found in the natural world.

Question

Can we learn anything from a naturally
co-evolved microbiome?
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Studies on Microbiome

Germfree or Lab mice in
antibiotic treated barrier facility



Studies on Microbiome
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Germfree or Lab mice in Wild mice
antibiotic treated barrier facility Mus musculus domesticus
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Mus Musculus Domesticus from Maryland are Close
Relatives to Standard Laboratory Strains
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Mus Musculus Domesticus from Maryland are Close
Relatives to Standard Laboratory Strains
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The Lab Mouse Gut Microbiome Differs from
that of their Wild-Living Kin
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The Lab Mouse Gut Microbiome Differs from
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The Lab Mouse Gut Microbiome Differs from
That of their Wild-Living Kin
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Bacteria

Bio-banking and Selection of lleocecal Material

Wild mice
trapping location

A B C

- B Beta hemolytic Streptococcus Group A
[ ]

I Beta hemolytic Streptococcus Group B
B Bota hemolytic Streptococcus Group C
I B-ta hemolytic Streptococcus Group D
I Cordetalla bronchiseptica
I I M Campylobacter

I Cilia associated repiratory bacillus (CARB)

I Citrobacter rodentium
I Bordetella hinzii

I Clostridium piliforme
I Corynebacterium bovis
I Corynebacterium kutscheri
I Ccephalitozoon cuniculi (ECUN)
D Helicobacter Genus
I Helicobacter bilis
] |

Helicobacter ganmani
Helicobacter hepaticus
B Helicobacter mastomyrinus

[ ] , ,
I Helicobacter rodentium
B Helicobacter typhlonius

Klebsiella oxytoca
B Klebsiella pneumoniae
I Vycoplasma pulmonis (MYCO/MPUL)

Pasteurella pneumotropica (Heyl)
Pasteurella pneumotropica (Jawetz)

I Pscudomonas aerugiosa
I I M S:/monella Genus
B Staphylococcus aureus
] Proteus mirabilis
B Streptobacillus moniliformis
I Streptococcus penumoniae

Viruses

Wild mice
trapping location

I /\denovirus (MAV) Type 1 (FL) & 2 (K87)
I B Cctromelia (mousepox)
I I B atan (HANT)

I Loctate dehydrogenase elevating virus (LDH/
I Lymphocytic choriomeningitis virus (LCMV)
I

B Minute virus of mice (MVM/MMV)
I louse coronovirus (MHV)
Mouse cytomegalovirus (MCMV)
Mouse Parvoviruses (MPV/MVM)
Mouse parvovirus (MPV)
MPV 1

I PV 2
I — P 3
I PV 4
I Viouse pneumonitis virus (K)
O B Mouse rotavirus (MRV/EDIM/ROTA-A)
* B Vlurine norovirus (MNV)
I Mouse theilovirus (TMEV/GDVII)
Mouse thymic virus (MTV/MTLV)
I Pneumonia virus of mice (PVM)
B Polyoma virus (POLY)
I Prospect Hill virus (PHY)
I I M Rcoirus (REO)
I I I Scra virus (SEND)

Wild mice
trapping location

Meiofauna

A B C

[ ] [
t
n.t.

Pneumocystis
Cryptosporidium
Demodex
Entamoeba

Giardia

Spironucleus muris
Tritrichomonas genus
Mite

Myobia musculi
Myocoptes musculinug
Radfordia affinis
Radfordia ensifera
Pinworm

Aspiculuris tetraptera
Syphacia muris
Syphacia obleveta

10.8

{04

40.2




Transfer of Natural Gut Microbiota
into Pregnant Germ-free Mice
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NATURAL &UT MICROBLOTA PREGNANT, GERM-FREE
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Chimeric Metaorganism

OFFSTRING

FITNESS PROMOTING MICROBES TRACTABLE GENETICS
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The Wild Mouse Gut Microbiome can be Maintained
in a Laboratory Mouse Colony
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Machine Learning: Indicator Species Analysis
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Do Natural Microbiota Promote Host Fithess?

Toxins, Mutageins




The Wild Mouse Gut Microbiome Confers a Survival Advantage
Upon Influenza Virus Infection
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The Wild Mouse Gut Microbiome Confers a Survival Advantage
Upon Influenza Virus Infection

Female mice Male mice
1 100 ke 100
Survival ! o T
| PLab |
_— [ |LabR 5 %0
E [JwildR E
£ 601 S 601
%) %)
g 407 g 407
) o
o o
20+ 20+
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Days post infection Days post infection
Weight LOSS Female mice Male mice
_ 120 1201
c * %k k E % % k%
2 110 . 3 1107 b * ‘
g 2 I.
= 100-—#& ‘ ’ 5 1oo--ﬁ¥m ! ‘ H
£ 904 ! <= 90
[ C
[0 [0
S 804 h * © 801 ﬂ”
& g
70+ h 704
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Days post infection Days post infection



The Wild Mouse Gut Microbiome Confers a Survival Advantage
Upon Influenza Virus Infection
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The Wild Mouse Gut Microbiome Confers Traits that
Abrogate Excessive Inflammation

Lung Histology
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The Wild Mouse Gut Microbiome Confers Traits that
Abrogate Excessive Inflammation

Lung Histology
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Do Natural Microbiota Promote Host Fithess?

Toxins, Mutageins




The Wild Mouse Gut Microbiome Protects from Colitis
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The Wild Mouse Gut Microbiome Protects
from Colorectal Tumorigenesis
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H&E stain

Movat stain

The Wild Mouse Gut Microbiome Protects

from Colorectal Cancer
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Summary



Natural World Laboratory World

Diverse inflammatory stimuli Germ-free rederivation,
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Natural World Laboratory World
Diverse inflammatory stimuli Germ-free rederivation,
restrictive environment

Challenges found in each environment exert selective pressure
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Hypothesis: Natural microbiota beneficially modulate
host responses to inflammatory stimuli

Fitness promoting , \ , Tractable
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5 Bio-banking
and transfer

ooy

Pregnant
germ-free

* Increased host fitness and limited Chimeric Meta-organlsm
inflammation in lethal influenza infection
and colitis-associated tumorgenesis Z

« May enable discovery of protective mechanisms
relevant in complex diseases in the natural world

Rosshart et al., Cell 2018
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